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A bstract
h this study w e in ve stig幻e a m ethodto e valu ate u rbanisatio n a nd its impact o n the natural
e nviro n m etr[ oftw o cities whichhave differ entde veloping situations. Urba nInde xde血edbythe
a uthor岳a nd the Norm alised Di飽renc eVegetationInde xboth deriv edfro m La ndsat T Mdata ha v e
be e n u s edinthe studytoinvestigatethe relationshipbetw e en a citya nd its n a:tu rale nvir on m ent･ Asa
case study,this m ethod w as appliedto Colombo Cityin
‾SriLanka a ndNagoya City a nditw asfound
thattheindic es m er[tio n edr efle ctedthe s o cio -economicposition ofthe citie spr e cis ely･
I. Introdt] ctio11
MaJly Urban ar e a s ar o u nd the w orld hv ebe e n r e spo n sible fo r seve redam age to the natu r al
e nvironm e nt. To e x amin etheinflu e n c e ofalarge u rban ar ea o nthe n a.turale nviron m ent ofthe
s u rr o u ndi喝 S ubu rban a r eas ac o mparis o n w as m adeibetw e e nN agoyaCityfrom ala rge urba n reglOn
in ade veloped cou ntry with Colo mbo City &o m adeveloping c ountry. Thedifferent u rbanisatio n
situ atio n s ofthetw o citiesis re c ognized inthefollowirlgdescriptl On.
Nagoyais on eofthe threegr eat urban regio n s ofTokyo, Osaka aJldNagpya c o mprising an e xtended
m etropolis know n a sthe Pa cific Co astal Belt･ Japan
†
s ec o nomic
,
adrrlinlStrativ e, c ulturala nds o cial
hJICtio n s a reto a c o n sider abledegree c o n centratedinthesegre at urba nreg10 nS. Nagoya Cityha sa
popula点on ofalittle o v er2 mi 11io nwithaland area of326sq･ km . Its popuhtion doubled du rirlg a
pe riod ofrapid expansion betw een 195 0and1970 a c c o mpaniedby rapidindl Strialgro wth inthe
m ajo ru rba nreglO n S. N agoya Cityha s apopuh tion densityof 6085per squ ar ekm within a radiu sof
10km &o mthe city ce nter･ (T hesefigu re s a rebas edo n1975 statistics).
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Colombo CityinSriLa nkaisthe c o m m e rcial
,
fin an ciala nd ad ministrative cer[ter ofthclsla nd. T he
u rban populado益inthe reglO nislargelyco nc e ntrated in a nd ar ou ndthe CityofColo mbo r esultingln
ahighc o n c e ntratio n ofpopul氏tio n and activitie sinthis are a･ The City e xped6nc ed gr ow 血 and
expa nsio n aRerthe mid nin etee nth c e ntury when the Colo mbo Po rt w as de velopedto fa cilitatethe
r apidly growing plantatio nba s ed e xport trader The ad ministrativ elimits ofthe city e xte nds o v e ra n
area of 37･3 sq･km with a populatio nof594･182(figure s areba s edo n1 981 stqtistics)resultingin a
populatio nde n sity of 159 17persq･ km withinthe citie s m u nicipallimits.
2･ ReTr”te S ensing data 叩plied to e stim 且te tl rba nis ation a Tld the quality of the natu ral
e nvir o n m ent.
In thisstudydigital datafr o m thefollowingLa nds atT Msce ne sha v ebe e n u s ed.
a)A s cen eco v eringNagoya Cityands u rrou ndings a cquired inJune1994.
b) As cen e c overingNagoya Citya ndsu rro u ndings a,cquiredin Nov 1987,
c) A scene c overingColo mbo City and e nvir ons a cquir edinFebru ary1993.
2･1 Rem ote s eJISiTIgdata ap pliedto e stim ate u rbaTLis &tion
ln a･previous studybythe s a m e a utho rsO(aw a mur a et al, 1994)it w a s establishedthatther e exists a
str o ng c o rrelatio nbetw ee nthe La ndsatT Mband ratio U Ishow n below andthede n sityofbuilding
C over.
7 - BA ND4
7 ＋ B A ND 4
＋ 1･0)X 100 (1)
InthisstudyU Iha sbe e n u sedto estim atethede nsityofthebuilt- up- ar e a･
2
,
12 Re m ot
.
e s eTISirlgdata ap plied-to estim atetheqt ulityorthe n 且tu ra]e mYiron m ent
TheNo rrnalised Diqere n c eV egetatio nIndex(N DⅥ)is u s ed inthis studyto estim atethequality of
the n atu r ale nvironm ent
･ hlthis studyitisde血edasfollo w s.
N D V I
B A N D 4I B A ND 3
4 ＋ B AND3
＋ 1.0)Ⅹ100 (2)
3･ Co mp aris o northe reh tion betw ee ntJIa nd ND V I for Colo mbo City and Nagoya City.
As e xplain ed above the rehtio nbetw ee nU Iand ND VI for an u rban a rea repre s e nts the r ehtio n
betw e e nurba nis atio n arid the n atural e n viro rL m ent. This r elation for the tw o citie s ha ve be en
ex amined by separ atingthe pixelsintotho s e ofce ntrala nd 飢Iburban area sand als oby s eparating
the mintothos eof diffe r ent c atego rie s oflandc ov er,
3.I B& sed o n c entraland! tlbu rban area s
Av erage u Iand N D Ⅵvalue sfo rplXels of 20x20 im age plXels wer e c omputed eliminatlng PIXels
&om w ater are asbyov e rla ym gwith a cla ssifiedim age. T he sepIXels w erepickedup 舟om an ar ea of
lO24Ⅹ800im age pIX els･ T he ce ntr al a reas of the citie s w e re s eparated by s electing an a rea of
400Ⅹ640im age plXels c o v e n ngthe centralpa rt ofthe citie s･ The re maini ng pixelsinthe lO24x800
pixelsim age w er e c o n sideredto be the s uburba n ar e as. The LaJldsat TM s c e n e u sed for this
co mputatio nfor Nagoya City w asB
'
o mJu ne1994(Su m m e rSea s o n)andfor Colo mbo City w asfro m･
February19 931 T he s c atte rdiagra m of U Iand ND Vl forthetw o citiesis s e eninFig:1,
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Thebasicdiffer e n c ebtw e e nthetw o citie s c o uld beide ntified bythisfigu r e, Thela rge co n c erLtratio n
ofhigh■UIand low N D Ⅵpixelsinthe c ase ofNagoya Cityshow sthat thedenslty Ofthebuilt up
ar e aishighandals othatits spr ead overalargeやre a･ Thelo wN D V Iv alu es ofthe subu rba n ar eas
sho w tha･t they ar e affe cted bythedensede v elopm ent o ver ala rge c e ntrala rea a ndits e xpa nsioninto
the s uburbs, T he centralarea ofthe Colo mboCityis n ot s ode n selydev eloped ov er a)arge a re aa nd
itsgr eeTlle velishigher. Its s uburba nare as are hardlyin仙encedbythe c e ntralpartirldic ated bythe
high ND V Ivalue ofthe suburban ar e a,
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Fig. 1 UT一 冊 VI Relatio nfo rNagoya City andColo rnbo City
3.2 Ba s edon h ad c overtype
Land coverinform atiorl Of Nagoya Cityha sbeen obtained Borndigital la nd coverdata a vailablefor
NagoyaCity･ Digital land cove rdata ofColombo Cityha.sbe en obtain ed bysc an ning a1:5 000 0 la nd
us e m ap of198I. The UI a ndN D V Iim ages w ere reglSter ed withim ages ofdigital1a nd cov erdataby
re m ov mg geo m etdcal distortio n s u si ng gr ou nd co ntr olpoints and Afrl ne Tr a n sfor matio ntechniqu e･
Re sarrlpling w as do n euslng n ear e st neighbou r m ethod. Each pix el w as a s slgn edto a category if
m ore thaz160 %of the o nglna1 20x20 im age pixels within the c o nside r ed pixel belo ngedto that
c由ego ry.
TheU トND VIrelation forthetw o citie sbased o nla nd cov er c ategoryis sho w nin Fig2a nd3. Itis
se eTlthat with inc re a sed hu man a ctivity on thela nd the UI v aluein cr e ase s andthe ND V Iv a一ue
decr e a s e. Thele s s e rnu mbe r ofr elatively purepix elsin the c as eof Nagoya City sho w s alhigher
de n sityofland u s e･It als o show sthat thegreen ar eas a r e aHectedbythe dev elopm e zltin the central
ar ea Of Nagoya City. In the ca se ofthe Colo mbo Citythela rgepla ntatio nar ea s aw ayfro mthe city
are u n affe cted bythede v elopm entinthe centrala re a s:
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4･ Cha ngein tlrba nis atio7 - nd the n atur 且] en vir on m e nt i7 ” e ntr a
lpa rts orN且gOya City 的d
Co)ornbo City1
4.1 Centr al N喝 Oya
A LaJld5 古t TM im age ofNov 19S7a nd a nim age ofJu n e19 94w as us edto estim ate cha ngesin
urbanisation andthe changein the n atural envir onrlentin NagoyaCity･ T he s ele cted hTlage W as512
又 400pixels･ In orde rto reduc ethe v ariation sdue to thediffer e ncein s eas on oftl- etw oim ages
histogra m matching w a sdo n e u sl ng gr oundtr uth from thehigh den sity areainthe cityc e nte randa
litlear s cale c on version w a sdo nefo r e a ch T Mband us edof1987.
The c o mputed cha ngeirL urbanisation fr o m1987to 1994 r eprese nted bythe cha nge
in U Ifo rthe
tw odate sis see ninFig
.
I 4 ･ The cha nge inthe c entralpart ofNagoyais smallas could be se en which
is expe cted fo r r e c e nt tim es du etothe alre adys aturated dev elopm e ntintheinn e r cityare a s･
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The correspo nding cha nge in the n a:tural e nvir o n m ent in the c e ntr al parts of N agoya City lS
represented bythe changein ND V Iofthetw odate sI The ve ctorsinFig5 sho wthe cha nge inthe
rlaturale nvir o n mezltdueto u rba nis ationfo r s o m e ofthe a re a s.
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4.2CentmlColom bo
A Land5at T Mim age ofFebru a ry 1994and digtisedbuilding c overdata of1970obtain ed by
sc atuhga1:1 2673(16chainsto o n einch)m ap ofthebuilding coverin Colo mbo CityandEn viro n s
wa s usedto e stim ate changesin urba nis atio n a ndthe n atu r al e nvir o n m e ntdurhgthe pa st tw o
de c ades.
The m ap of Colombo City covers the a rea withinthe m u nl CIPa1 limits ofthe clty a nd itsirrl mediate
s ur, oundings･ The perc entage of building c over(UD)w as estim ated byu singdigitiseddata ofthis
m ap･ T he r elatio nbetw e en U Iand U Da nd als othe relation betw e e nU Ia ndN D V I forColo mbo City
w ere estim ated in a previous studybythe sam e a uthors(Kaw a m u ra.et. aJ, 1 994)and is as appears
belo w .
U I;(0. 47Ⅹ UD) ＋ 49.2
U I==(-0.94 Ⅹ ND V I) ＋178. 3 (
3)
Usingthe s eequ atio nsthe U Ia ndN D Ⅵv alue sfor1970w e reestimated fro mbuilding c ove rdata of
1970. T he U Ia nd N D VIv alu esfor1994w ere estim atedfr o mT Mdata.
The computed cha ngein u rbarlis atio n repr es e nted bythe ch叫gein UIofthetw odate sis a s
.
sho w n
inFig:6.
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Mor etha nhalfthe UIin cr e a s eis丘o m5 to 15c o rr e spo ndingto a nin cr e a s ein urba ndensityfro m
lO %to3 0% for aperiod oftw odec ade sfo r mor etharlhalfthe are a c o n sidered.
The cha ngein the n atu rale nvironm entis repr ese ntedbythe changein ND VIofthe tw o dates. The
vectorsin Fig 7 sho w the ch angeinthe n aturale n viron m e nt du e to urba nis atio nfor s o m e ofthe
areas.
5. Co n cbLSion
Using rem ote sen singdatait w a spo ssibleto s e eho wthe highden slty u rb an ar ea spr e adover alarge
e xterltin Nagoya City affe ctedthe naturalenviro n m e ntin the s u r r o u nding s uburbs･ In c o mpa ris on
Colombo Cityshighdensity urba nare ais limitedto av e ryrnnchsmale ra re a a nd its s ubu rban areas
ar ehardly affected bythe u rbamiat1 0n . The a nalysts Ofr e m ote s e n singdata ofthe c entralare as of
Nagoya City a nd Colo mbo City sho w edthe po sitio n ofurbamis atio ninthe tw o cities precis ely.
rlenc ethe m ethod adoptedc ouldbe us edto studythe relatio n shipbetw e e nu rbaJlis ation a ndthe
n atu ralerIviro n m e ntofcitie sindiffer e ntde v eloplngSltuations.
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